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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a water-in-oil-in-water multiple emulsion system maximizing stability in the
internal aqueous phase of the multiple emulsion system and a method for preparing the same. In particular, the present
invention relates to a method for preparing a water-in-oil-in-water multiple emulsion system with highly improved sta-
bility achieved through the following steps: 1) hydrophobizing (processing hydrophilic materials so as to change it into
hydrophobic materials) internal aqueous phase by using hydrodynamic dual stabilization (hereinafter, refers to 'HDS")
technology developed by the present invention in order to maximize dispersion stability that the internal phase stably
interacts with the oil phase of the multiple emulsion; and, 2) re-emulsifying the result in order to block the outflow of
the internal aqueous phase domain to the external aqueous phase in the obtained water-in-oil-in-water multiple emul-
sion system.

Description of the Related Arts

[0002] The multiple emulsions are divided into water-in-oil-in-water and oil-in-water-in-oil forms. In consideration of
practical use, water-in-oil-in-water emulsion has been more widely applied to various fields. In drug delivery systems
introducing water-soluble active materials into an internal aqueous phase for releasing in target sites from the internal
aqueous phase chemically or physically, the water-in-oil-in-water emulsion attracts much interest because this multiple
emulsion is a unique system in which the water domain is formed inside the oil phase of multiple emulsion system.
[0003] Until recently, water-in-oil-in-water multiple emulsion was prepared by a phase-transition method or two-step
consecutive emulsification method. The phase-transition method using bifunctional solubility of the surfactant itself is
applied broadly in the early stages, however, is limited in use because an unstable multiple emulsion is prepared by
this method. Therefore, a two-step consecutive emulsification method for improving stability has been recently devel-
oped. This two-step consecutive emulsification method comprises the following two steps: 1) preparing water-in-oil
emulsion by using hydrophobic surfactants; and, 2) re-emulsifying water-in-oil emulsion obtained in the above with
water phase containing a suitable amount of hydrophilic surfactants.

[0004] When applying the two-step consecutive emulsification method, mixing ratio of surfactants, oil properties,
mechanical shearing force, volume ratio of phase and introduction of water-soluble additives should be considered.
Also, suitable surfactants should be chosen for preparing a stable multiple emulsion. It is commonly known that HLB
(hydrophilic lypophilic balance) value of surfactants is preferably 3~7 in water-in-oil emulsification, and is preferably
8~16 in water-in-oil-in-water emulsification. However, selecting suitable surfactant is also dependent on oil properties,
thus the HLB value range of selected surfactant may be changed by some kinds of systems.

[0005] Further, when preparing multiple emulsion by selecting suitable surfactants, factors including mechanical
shearing force and volume ratio of phase affect droplet size, dispersibility, yield of multiple emulsion, phase morphology
of the finally obtained multiple emulsion. Suitable conditions of these factors should be adjusted experimentally, de-
pending on the applied fields. Water-soluble materials added to the internal or external aqueous phase of a multiple
emulsion system may reduce or enhance stability of the multiple emulsion system. This effect of water-soluble materials
results from concentration gradients formed by additives. Therefore, when applying to drug delivery systems by intro-
ducing water-soluble materials into the internal aqueous phase, suitable non-active water-soluble materials should be
added in order to attenuate the concentration difference between the internal and external aqueous phases formed by
the active material itself in the aqueous phases.

[0006] As mentioned above, stability of a multiple emulsion system can be improved only within a narrow range by
changes of thermodynamic phase composition. Therefore, a system with improved stability should be devised in con-
sideration of mutual relations of all factors affecting stability of the multiple emulsion system.

[0007] Under these circumstances, the present inventors have conducted much research to improve the stability of
multiple emulsion systems. As a result, it is found that water molecules can be stabilized hydrodynamically by bydro-
phobizing water molecules in internal aqueous phase by using a hydrogen bonding inhibitor, and by improving aggre-
gating force between water molecules using a water molecule aggregating agent. The water-in-oil-in-water multiple
emulsion systems obtained by hydrodynamical stabilization of the water molecules are highly stable.

SUMMARY OF THE INVENTION

[0008] Thus, an object of the present invention is to provide a multiple emulsion system with much-improved stability
compared to the conventional multiple emulsion systems.
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[0009] Another object of the present invention is to provide a method for preparing said multiple emulsion system
with improved stability.

[0010] To achieve the above object, the present invention is characterized by solving the fundamental problem such
as thermodynamical instability of water-in-oil-in-water multiple emulsion system through hydrodynamically stabilizing
water in the internal aqueous phase, instead of the conventional method for improving stability of multiple emulsion
system by mixing of suitable surfactants, selecting of suitable oils, adjusting mechanical shearing force, controlling the
volume ratio of phase, introducing suitable water-soluble additives and the like.

DETAILED DESCRIPTION OF THE INVENTION

[0011] According to the present invention, water molecules in the internal aqueous phase were hydrophobized by
using a hydrogen bonding inhibitor, and aggregating force between water molecules is improved by using an aggre-
gating agent, resulting in a hydrodynamically stabilized multiple emulsion system.

[0012] The method for preparing the multiple emulsion system of the present invention comprises the following steps:

i) hydrophobizing water by mixing hydrogen bonding inhibitor and a water molecule aggregating agent;

ii) obtaining stable water-in-oil emulsion by using mechanical shearing force after evenly mixing said hydrophobic
water phase and hydrophobic surfactant;

iii) re-emulsifying said water-in-oil emulsion by adding a hydrophilic surfactant; and,

iv) stabilizing the multiple emulsion system by increasing in the viscosity of the external aqueous phase with a
dispersion stabilizing agent.

[0013] The present invention is explained in detail below.

[0014] Water is a typical example of materials with high polarity. Further, water in the internal aqueous phase of
multiple emulsion system shares the same high polarity with water in the external aqueous phase. Therefore, improve-
ment of stability by the conventional method reaches limits because water in the internal aqueous phase strongly
intends to contact with the water in the external aqueous phase, although surfactants are added and phase conditions
are controlled.

[0015] The present inventors were interested in whether said problems caused by water polarity can be overcome
or not when polar properties of water in internal or external phase can be changed.

[0016] According to the present invention, compatibility of the internal aqueous phase with the oil phase can be
improved, and the attributes intending to be combined with water in external phase can be reduced by hydrodynamical
hydrophobization of water in the internal aqueous phase. As a result of these effects, the finally obtained multiple
emulsion system possesses excellent stability in the internal aqueous phase.

[0017] Therefore, the HDS technology according to the present invention is based on hydrophobization of the water
in the internal phase and minimization of its fluidity. These purposes are achieved by introducing hydrogen bonding
inhibitor and water molecule aggregating agent into the water in the internal aqueous phase.

[0018] Polarity of water is facilitated by dissymmetrical linkage of two hydrogen atoms and one oxygen atom inside
a water molecule and strong hydrogen bonding among water molecules. Polarity of water may be reduced by intro-
ducing hydrogen bonding inhibitor. Water molecules with reduced polarity may be changed to macromolecule form by
secondary treatment with a water molecule aggregating agent. Therefore, the water phase is hydrophobized and its
fluidity is minimized by treatment with said hydrogen bonding inhibitor and aggregating agent. These procedures are
explained in the Schematic Figure 1.

[0019] When the water phase treated with the HDS is positioned onto the internal phase of a multiple emulsifying
system, the stability of emulsion system is maximized for the following reasons.

[0020] First, hydrophobized water phase may increase in compatibility with the oil phase. Unlike the conventional
methods for simply decreasing in interfacial tension by using surfactants, the hydrophobization of the water phase of
the invention is a procedure for improving compatibility between two interfaces through increasing in natural affinity of
water phase to oil phase. As a result, compatibility between the water of internal phase and the oil phases becomes
improved. Therefore, upon the primary preparation of a water-in-oil emulsion, extremely small water domains may be
formed, thus this procedure contributes to improvement of stability of water-in-oil emulsion itself.

[0021] Second, diffusion of water molecules into oil is decreased because the fluidity of water existing in the internal
phase of a water-in-oil-in-water emulsion prepared through the secondary emulsifying procedure is minimized. There-
fore, the present invention solves problem that the interface is weakened by outflow into external phase. As a result,
the stability of multiple emulsion system is improved excessively.

[0022] Third, the presentinvention does not need to use other additives forimproving the stability of multiple emulsion.
Therefore, problems caused by water-soluble active materials may be solved in practical uses such as drug delivery
systems.
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[0023] The water phase, stabilized hydromechanically by using a hydrogen bonding inhibitor and a water molecule
aggregating agent, is evenly mixed with hydrophobic surfactant at a temperature higher than the melting points of the
added two agents. Then, a stable water-in-oil emulsion is prepared by a strong mechanical shearing force. The term
'shearing force' means external force for emulsifying through shearing and mixing particles in an aqueous phase or an
oil phase with mechanical force. A typical example of emulsifier is homogenizer. The homogenizer controls particle
sizes, thus affecting the degree of emulsification.

[0024] According to the presentinvention, the amount of hydrogen bonding inhibitor is preferably 0.01~5% by weight
based on the total weight of the water-in-oil-in-water multiple emulsion system. Itis preferable that the hydrogen bonding
inhibitor has a mutual attraction in two or more directions on the hydrogen atom or oxygen atom in the molecule.
Examples of hydrogen bonding inhibitor include all water-soluble molecules such as urea, thio-urea, alcohols and
amines with low molecular weights.

[0025] Itis preferable that water molecule aggregating agents have ability collecting water molecules, and examples
of such agents include cyclodextrine and its derivatives and analogues. Amount of aggregating agent employed for
the present invention is preferably 0.01~5% by weight based on the total weight of the water-in-oil-in-water multiple
emulsion system.

[0026] Also, the amount of hydrophobic surfactant is preferably 0.01~10% by weight based on the total weight of
the water-in-oil-in-water multiple emulsion system. Hydrophobic surfactant is selected from all hydrophobic surfactants
having the HLB value within the range of 1~7.

[0027] Further, the water-in-oil-in-water multiple emulsion is prepared by re-emulsifying water-in-oil emulsion ob-
tained under said emulsification conditions, with low mechanical shearing force, in aqueous phase dissolving in hy-
drophilic surfactant.

[0028] According to the present invention, hydrophilic surfactant is preferably 0.01~10% by weight based on the
total weight of the water-in-oil-in-water multiple emulsion system. Examples of such surfactants include all non-ionic
surfactants within the HLB value range of 8~20 or all ionic surfactants within the HLB value of 20 or more. Also, a
composition of mixture surfactants may be employed for the present invention.

[0029] Finally, according to the present invention, a dispersion stabilizing agent may be added to said obtained
multiple emulsion in order to increase the viscosity of the external aqueous phase, resulting in much-improved stability
of multiple emulsion. The dispersion stabilizing agent employed in the presentinvention is preferably a macromolecules
capable of being dissolved in aqueous phase. Examples of such dispersion stabilizing agents includes gelatin, starch,
xanthan gun, sodium polyacrylate, hydroxyethyl cellulose, carboxymethyl cellulose, polypyrrolidone, polyvinyl alkyl
ether, polyvinyl alcohol, random or block copolymer conjugating hydrophilic group to main chain and the like.

[0030] The water-soluble active materials contained in the internal aqueous phase of water-in-oil-in-water multiple
emulsion system according to the present invention, include any active materials employed in cosmetics, for example,
water-soluble ingredients of functional cosmetics including vitamin B, vitamin C and their derivatives; peptides com-
pounds and proteins; enzymes; water-soluble plant extracts and active materials including the same; water-soluble
functional active extracts and the like.

[0031] These water-soluble functional active materials are highly unstable, thus may be stabilized by introduction
into the internal aqueous phase of water-in-oil-in-water multiple emulsion system. Therefore, one purpose of preparing
the water-in-oil-in-water multiple emulsion is to stabilize these water-soluble functional active materials.

[0032] Also, the water-in-oil-in-water multiple emulsion system may be applied to drug delivery systems. In drug
delivery systems, introducing water-soluble drugs into water-in-oil-in-water multiple emulsion system may result in
stabilization of drugs and controlled release rate of drugs. Therefore, water-soluble materials employed in drug delivery
systems as well as cosmetics may be stabilized and their release rate may be controlled with water-in-oil-in-water
multiple emulsion system structure.

[0033] When an active drug material of medical composition is water-soluble, it is included in the internal aqueous
phase of a water-in-oil-in-water multiple emulsion system. These active drug materials include amino acids and water-
soluble antibiotics. Amino acids are used as injection materials. Water-soluble antibiotics include macrolide-family
antibiotics such as tetracycline HC1, minocyclin HC1, ampicillin, zentamycin HC1. These water-soluble antibiotics are
used for primary treatment of infectious diseases, however, these antibiotics have a short half-life period and are re-
leased fast, thus a slow release property is necessary for effective use of these antibiotics. Therefore, the present
invention also provides these antibiotics with a slow-release property.

BRIEF DESCRIPTION OF DRAWINGS

[0034] Figure 1is a schematic drawing of the interface in water-in-oil-in-water multiple emulsion system obtained by
HDS (hydrodynamic dual stabilization).

[0035] Figure 2 is an optical microscope image observing the water-in-oil-in-water multiple emulsion obtained in the
conventional method.
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[0036] Figure 3is optical microscope image observing water-in-oil-in-water multiple emulsion obtained by HDS (add-
ing 0.5wt% urea by weight, 1wt% hydroxypropyl-beta-cyclodextrine).
[0037] Figure 4 is optical microscope image observing water-in-oil-in-water multiple emulsion of which 1wt% kojic
acid by weight is contained and stabilized in an internal aqueous phase.

PREFERRED EMBODIMENT OF THE INVENTION

[0038] In more detail, the present invention is explained by preferred embodiments, comparative examples and ex-
perimental examples. However, the present invention should not be limited to these examples.

Example 1: Preparation of multiple emulsion according to the present invention

[0039] A multiple emulsion stabilized by HDS was prepared by carrying out the following procedures. After hydro-
phobizing water by adding 1wt% of urea and 2wt% of hydroxypropyl-beta-cyclodextrine (NIPPON Food Chemical En-
gineering Co., Ltd.), 30wt% of the hydrophobized water was melted, stirring gently at a temperature of 70~75°C (Mix-
ture A). The degree of hydrophobicity of water was determined by measuring the interface tension of the water. Then,
15wt% of mineral oil (LP70™, Witco Co., U.S.) dissolving 1.5wt% of hydrophobic surfactant and PEG-30 dipolyhy-
droxystearate (Arlacel P135™, ICI Co., GB) were melted, stirring gently at a temperature of 70~75°C (Mixture B).
Then, mixture A and B were mixed violently for 5 minutes using homogenizer of 7,000~8,000rpm. After mixing, results
were cooled at 50~60°C, thus a highly stable water-in-oil emulsion was obtained.

[0040] Next, the water phase dissolved in 0.5wt% of poloxamer 407 (Synperonic PE/F 127™ |ICl Co.), was added
slowly to water-in-oil emulsion obtained in the above procedure, stirring with homogenizer of 4,000rpm at 50~60°C.
Herein, the concentration was fixed to 50wt%. Then, 1wt% of xanthan gum solution (Kelfrol-F™, Kelco Co., U.S.) was
added at amount of 10wt%. Thus-obtained water-in-oil-in-water multiple emulsion was stabilized, then cooled slowly
at room temperature.

Example 2: Preparation of multiple emulsion containing kojic acid in internal aqueous phase

[0041] Water-in-oil-in-water multiple emulsion was obtained through the same method of example 1 except that
water-in-oil emulsion was prepared after 1 wt% of kojic acid as a model of water-soluble active material had been
introduced into internal aqueous phase. At this time, heat treatment has to be carefully monitored in order that the
active material is not modified by heat.

Comparative example 1: Preparation of multiple emulsion with the conventional method

[0042] Conventional water-in-oil-in-water multiple emulsion was obtained through the same method of example 1
except that urea and hydroxypropyl-beta-cyclodextrine were not added. Multiple emulsions prepared by the conven-
tional method and the present invention were used in the below experiments on stability thereof.

Experimental Example 1: Stability of multiple emulsion

[0043] The multiple emulsions obtained in Examples 1, 2 and Comparative Example 1 were used in the following
experiments. In the meantime, all multiple emulsions used in this experiment were prepared after MgSO, was intro-
duced into each internal aqueous phase of multiple emulsions. The obtained multiple emulsions were stored at 4°C,
room temperature, 30°C, 37°C and 45 °C, respectively. After a fixed amount of each multiple emulsion was taken once
per day, conductivity was measured within unit of 1 u S/cm. Measured conductivity was compared with standard curves
obtained by measuring conductivities depending on various concentrations of MgSQ,, and the stabilities of multiple
emulsions were evaluated by the following formula.

Stability of Mutiple Emulsion (%) =[1 -

Measured Conductivity (uS/cm)
Calculated Conductivity (us/cm)

[0044] Stability of multiple emulsion obtained in Example 1 and Comparative Example 1 are evaluated relatively by
measuring quantitatively the outflow of electrolytes in internal aqueous phase to external aqueous phase. As a result
of relative evaluation on stability, it was found that about 15% of the electrolytes flowed out, immediately after preparing
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the multiple emulsion. It is thought that the initial outflow of electrolytes results from an unknown problem in the pro-
cedure re-emulsifying water-in-oil emulsion.

[0045] Stability of multiple emulsion obtained by HDS in Example 1 was maintained for several days at 70% or more,
irrespective of storage conditions. However, the stability of multiple emulsion obtained by the conventional method
decreased to less than 50%. This result proves that the procedure hydrophobizing internal aqueous phase hydrody-
namically plays important roles in improving stability of multiple emulsion.

[0046] The multiple emulsion obtained in Example 2, which contains kojic acid in internal aqueous phase, was stored
at 4°C, room temperature, 30°C, 37°C and 45°C, respectively. Then, changes of multiple emulsion in color, odor and
titer were observed. Titer of multiple emulsion was determined through measuring concentration changes compared
with initial concentration with HPLC. As a result, the original conditions of color and odor had been maintained for about
two months. Also, result of titer test showed that 80% or more of initial titer had been maintained after one month.

Experimental Example 2: Analysis of multiple emulsion by using microscope

[0047] Droplet size and morphology of multiple emulsion obtained in Example 1 and Comparative Example 1 were
measured using optical microscopic photographs, and the results are showed in Figures 2 and 3. As shown in optical
microscopic photographs, both emulsions of Example 1 and Comparative Example 1 include two interfaces of water-
in-oil-in-water. Also, when Figure 3 is compared with Figure 2, the multiple emulsion obtained by HDS has morphology
of monolithic form (Figure 3), which is different from other conventional multiple emulsion. On the contrary, Figure 2
shows that using of general water forms a large internal aqueous phase. These results show that water in internal
aqueous phase become dispersed to small size of droplets because interaction ability with oil phase is extremely
improved through hydrophobizing the water in the internal aqueous phase. Also, the result measuring interfacial tension
shows that in case of water introducing urea and hyroxypropyl-beta-cyclodextrine, interfacial tension was decreased
sharply by 20 mN/m or more than pure water. This result indicates directly that reduction of polarity and aggregation
of water may be achieved through introduction of urea and hydroxypropyl-beta-cyclodextrine.

[0048] Multiple emulsion stabilizing and containing 1wt% of kojic acid was observed with an optical microscope, and
the result is shown in Figure 4. As shown in Figure 4, it is identified that morphology and droplet size were not modified,
although large amount of water-soluble active material was added. Also, Figure 4 shows that water-soluble active
material is positioned with extreme stability onto internal aqueous phase, and that reduction of emulsion stability during
its preparation does not occur. In the meantime, droplet size of multiple emulsion is distributed evenly within the range
of 2~20 um. However, it is shown that the degree of dispersion was reduced a little when water in the internal aqueous
phase was not treated with HDS. These results prove that the water in the internal aqueous phase passes through the
oil phase, and intends to outflow to the external aqueous phase, thus the internal phase of multiple emulsion become
instable.

[0049] As explained above, the present method for preparing multiple emulsion system through HDS is considerably
different from other methods. The method according to the present invention may solve fundamental problems of
unstable multiple emulsion systems of the conventional multiple emulsion system.

[0050] Therefore, the present invention may extend the conventional narrow use of multiple emulsion. In particular,
when multiple emulsion prepared by the present HDS technology is applied to drug delivery systems, multiple emulsion
according to the present invention may solve the problems, stability and activity of water-soluble active materials being
sharply reduced in water. Also, multiple emulsion according to the present invention has excellent stability for storage
and ability to block contact of internal aqueous phase and external aqueous phase. Therefore, the multiple emulsion
system prepared by using HDS of the present invention may be effectively applied in various field including medical
supplies and cosmetics.

[0051] Although preferred embodiments of the presentinvention have been described in detail hereinabove, it should
be clearly understood that many variations and/or modifications of the basic inventive concepts herein taught which
may appear to those skilled in the art will still fall within the spirit and scope of the present invention as defined in the
appended claims.

Claims

1. A water-in-oil-in-water multiple emulsion system characterized by stabilizing water molecules in internal phase
through hydrophobizing (processing hydrophilic materials so as to change it into hydrophobic materials) water
molecule in internal phase by using hydrogen boding inhibitor and increasing aggregating force between water

molecules by using a water molecule aggregating agent.

2. A method for preparing the water-in-oil-in-water multiple emulsion system of claim 1, which comprises the following:
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(A) hydrophobizing water molecules by mixing a hydrogen bonding inhibitor and water molecule aggregating
agent;

(B) obtaining water-in-oil emulsion stabilized by mechanical shearing force, after mixing evenly the hydropho-
bized water phase in said step (A) and hydrophobic surfactant;

(C) re-emulsifying water-in-oil emulsion obtained in said step (B) by adding hydrophilic surfactant; and,

(D) further stabilizing said multiple emulsion system through increasing viscosity of external aqueous phase
by dispersion of a stabilizing agent.

The method according to claim 2, wherein said hydrogen boding inhibitor for hydrophobizing water has mutual
attraction in two and more directions on two hydrogen atoms or one oxygen atom in the molecule, and is selected
from water-soluble materials including urea, thio-urea, alcohols with low molecular weight and amines with low
molecular weight.

The method according to claim 2, wherein said water molecule aggregating agent is at least one selected from
the group consisting of compounds having ability to collect water molecules including cyclodextrine and its deriv-
atives, and its analogues.

The method according to claim 2, wherein HLB value of said hydrophobic surfactant is within the range of 1~7,
and said hydrophilic surfactant is at least one selected from non-ionic surfactant within the HLB range of 8~20
and ionic surfactant within the HLB range of 20 or more.

The method according to claim 2, wherein said dispersion stabilizing agent is a macromolecule dissolved in the
water phase in part or completely, is selected from the group consisting of gelatin, starch, xanthan gum, sodium
polyacrylate, hydroxyethyl cellulose, carboxymethyl cellulose, polyvinylpyrrolidone, polyvinyl alkyl ethers, polyvinyl
alcohols, random copolymers and block copolymers conjugated hydrophilic group to main chain.

The method according to claim 2, wherein said hydrogen boding inhibitor is 0.01~5% by weight based on total
weight of the water-in-oil-in-water multiple emulsion system, water molecule aggregating agent is 0.01~5% by
weight based on the total weight of the water-in-oil-in-water multiple emulsion system; hydrophobic surfactant is
0.01~10% by weight on total weight, hydrophilic surfactant is 0.01~10% by weight based on the total weight of
the water-in-oil-in-water multiple emulsion system; and, dispersion stabilizing agent is 0.01~10% by weight based
on the total weight of the water-in-oil-in-water multiple emulsion system.

Cosmetics including water-soluble functional active materials contained in structure of the water-in-oil-in-water
multiple emulsion system, wherein water-soluble functional active materials are contained in the internal aqueous
phase of the water-in-oil-in-water multiple emulsion system according to claim 1, is at least one selected from the
group consisting of water-soluble functional active material including vitamin B and its derivatives, vitamin C and
its derivatives, Kojic acid and its derivatives, peptide compounds, proteins, enzymes, water-soluble plant extracts
and water-soluble functional active materials contained in the water-soluble plant extracts and other water-soluble
functional active materials.

Medical composition including water-soluble functional active materials contained in structure of a water-in-oil-in-
water multiple emulsion system, wherein water-soluble functional active materials are contained in the internal
aqueous phase of the water-in-oil-in-water multiple emulsion system according to claim 1, is selected from the
group consisting of water-soluble functional active materials including amino acids and water-soluble antibiotics.
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